T he translational roadblock, characterized by beneficial effects of treatments in experimental studies and subsequent neutral or negative results in clinical trials, is a major problem in cerebrovascular medicine. 1 Growing evidence suggests that this may be due, at least in part, to low study quality of experiments resulting in a systematically reduced internal validity of animal studies. The lack of blinding and randomization in experimental studies, for instance, leads to an overestimation of treatment effects and may, therefore, contribute to different results of preclinical and clinical studies. 2 As a consequence, the Stroke Therapy Academic Industry Roundtable was founded to develop recommendations on quality characteristics of animal stroke studies. 3 Stroke is generally regarded as one of the most important journals in the area of cerebrovascular disease, publishing clinical and experimental studies with the latter focusing on basic mechanisms of cerebral ischemia and on the development of new stroke therapies. To insure the quality of experimental studies, authors need to declare in a checklist cornerstones of study conductance, such as randomization and blinding procedures, definition of inclusion and exclusion criteria, etc, when submitting an article to Stroke. However, whether implementation of the so-called Basic Science Checklist in the submission process in August 2011 improved the quality of preclinical studies is unknown so far.
The aim of this study was to analyze time trends of quality and design of preclinical studies published in Stroke from January 2010 through December 2013 and whether implementation of the Basic Science Checklist in August 2011 had an effect on key quality measures.
Methods

Retrieving Publications and Selection of Studies
We used the journal's Archive of All Online Issues 4 for the identification of eligible articles published from January 2010 to December 2013. Publications were categorized according to the journal's article categories as an original contribution (clinical or basic science), brief report, letter to the editor, and review article. We only included original basic science contributions in which the efficacy or side effects of a therapy were evaluated in an animal model of cerebral ischemia, intracranial bleeding, cerebral venous thrombosis, or intracranial aneurysms.
Data Extraction
We extracted data on the submission date, year, and month of print publication, the species used, and the stroke model used. We assessed whether the following items of the Basic Science Checklist were met 5 : (1) species, strains, and sources of animals defined, (2) statistical methods defined, (3) specific criteria for inclusions and exclusions specified, (4) randomization, allocation concealment, and blinding performed, and (5) postrandomization all excluded animals reported. The checklist as it seems during the submission process is provided in Figure I in the online-only Data Supplement. The study characteristics animals defined (strain, species, and source) and randomization, allocation concealment, and blinding are summarized as 1 item in the Basic Science Checklist but were also separately recorded for our analysis. In addition, we recorded whether the methods of randomization, blinding, and allocation concealment were stated as suggested by Macleod et al. 5 The item postrandomization excluded animals reported was met when the number of animals that were excluded after treatment allocation for different reasons, including mortality or other reasons, was reported for each treatment group. We further assessed the methodological quality of the included studies according to a previously published Stroke Therapy Academic Industry Roundtable recommendation-derived quality scale. [6] [7] [8] The realization of the following aspects of each study was evaluated: (1) dose-response relationship, (2) optimal time window of the treatment, (3) monitoring of physiological parameters (such as temperature, glucose level, or blood pressure), (4) assessment of at least 2 outcomes (infarct size and 1 functional outcome), (5) outcome assessment in the acute phase (1-7 days), (6) outcome assessment in the chronic phase (beyond 7 days), (7) animals with comorbidity (aged, diabetic, or hypertensive), (8) compliance with animal welfare regulations, (9) statement of potential conflict of interests, and (10) sample size calculation reported.
Two authors (V.Z. and A.S.) independently extracted data. Disagreements were solved after discussion of the study details (J.M., V.Z., and A.S.). 
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Results
A total of 1617 original contributions were published during the study period. Of these, 1357 (83.9%) were clinical science studies, 133 (8.2%) were basic studies, which evaluated the efficacy of a treatment, and 127 (7.9%) were basic studies that did not investigate the efficacy of a treatment but rather other aspects of cerebral ischemia, that is, its pathophysiology ( Figure) . The number of original contributions decreased from 348 in 2010 to 312 in 2013. The number of clinical science and basic science studies with or without a treatment investigation per year did not differ significantly during the study period (all P>0.05). Study characteristics of included basic science studies, which investigated a treatment, are given in Table 1 . During the study period, the proportions of different stroke models and species used in the studies did not vary over time. With respect to Basic Science Checklist items, the proportion of articles that reported the combination of randomization, allocation concealment, and blinding increased (P=0.001). The proportion of each of the subitems randomization, allocation concealment, and blinding also increased over time (P=0.01, 0.001, and 0.004, respectively). None of the studies reported the methods of blinding or allocation concealment. The proportion of studies that met 2 or 3 checklist items decreased and those that met 4 or 5 items increased during the study period. Proportions of the other Basic Science Checklist characteristics and the mean sum of Basic Science Checklist items did not significantly change. Reporting of the Stroke Therapy Academic Industry Roundtable-derived quality items investigation of a dose-response relationship (P=0.02), physiological monitoring (P=0.02), and compliance with animal welfare regulations (P=0.02) significantly increased. There was a trend toward an increased reporting of assessment of infarct size and functional outcome (P=0.08) and outcome assessment in the acute phase (P=0.05). The mean of the sum of all quality characteristics significantly increased from 7.04 in 2011 to 8.33 in 2013 (P=0.002). The proportion of studies with the lowest category of the sum of quality characteristics (0-5 items met) decreased during the study period. As required by Stroke, all studies stated a potential conflict of interest. Table 2 shows the results of the univariate analysis comparing whether Basic Science Checklist items of published articles submitted before and after implementation of the checklist in August 2011 were met. The proportion of studies that defined inclusion and exclusion criteria increased from 22.7% to 41.4% (P=0.02). More articles reported randomization, allocation concealment, and blinding after implementation of the checklist (6.7% versus 24.1%; P=0.007). Among subitems, allocation concealment (8.0% versus 25.9%; P=0.008), and blinding (70.7% versus 86.2%; P=0.04) significantly increased after checklist implementation. The majority of studies defined the animals used with no difference before and after checklist implementation (81.3% versus 74.1%; P=0.32). Particularly, all studies reported the species, and almost all studies (97.3% and 98.3%, respectively) reported the strain used. Also all but 1 study described their statistical methods. There was a trend toward an increased mean of the sum of checklist items (P=0.09). The proportion of studies, which met 2 or 3 items decreased from 78.7% to 51.7% (P=0.01) and the proportion of studies, which met 4 or 5 items increased from 10.7% to 31.0% (P=0.005) after checklist implementation.
Discussion
Systematic assessment of all animal experimental studies investigating a treatment published in Stroke between January 2010 and December 2013 revealed improvements in the reporting of key characteristics of scientific quality, such as Percentages of stroke models and species sum up to >100% because some studies used >1 model or species. N/A indicates not applicable; and STAIR, Stroke Therapy Academic Industry Roundtable.
*Only experimental stroke studies that investigated the efficacy or the side effects of a treatment. †Includes middle cerebral artery occlusion, photothrombosis, and endothelin-1 injection. ‡This criterion includes randomization, allocation concealment, and blinding but not the method of randomization. §Sum of the items: (1) animals defined, (2) statistical method defined, (3) inclusion and exclusion criteria defined, (4) randomization, allocation concealment, and blinding, and (5) postrandomization excluded animals reported.
║Includes temperature, glucose level, or blood pressure. ¶Includes Basic Science Checklist items and STAIR-derived quality recommendations.
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definition of inclusion and exclusion criteria, randomization, allocation concealment, blinding, and physiological monitoring. The overall quality measured by a sum score of quality items also improved over time. When comparing whether items of the Basic Science Checklist were met in published studies submitted before and after checklist implementation, we found an increased reporting of inclusion and exclusion criteria definition, allocation concealment, blinding, and an increase of studies with the highest category of the checklist item sum score. However, relevant components of quality did not improve over time or improved but still had a low prevalence, including inclusion and exclusion criteria defined, method of randomization stated, allocation concealment, and postrandomization excluded animals reported. Our results should be interpreted in the context of previous systematic reviews and meta-analyses of preclinical studies. Systematic analyses of experimental stroke studies investigating neuroprotective treatments found that randomization of animals was reported in 42% to 50% compared with 61% before and 74% after checklist implementation in our study. 7, 9 Studies on Alzheimer disease, multiple sclerosis, and cancer reported randomization in only 22%, 16%, and 28%, respectively. [10] [11] [12] Although these comparisons suggest that the stroke field does better than other research areas, our study reveals that only few studies describe whether a proper procedure for randomization was followed. Reporting the method of randomization is important as picking animals at random from a cage are considered unlikely to provide adequate randomization. 5 Blinded assessment of outcome and allocation concealment are further key quality measures. Systematic evaluations found blinding to be reported in 40% to 58% of experimental stroke studies, 7, 9 in 22% of studies on Alzheimer disease, 12 and in 16% of studies on multiple sclerosis, 11 compared with 71% before and 86% after checklist implementation in the present analysis. A review of 100 articles on cancer showed that only 2% reported that observers were blinded to treatment. 10 However, 1 might consider that these studies were published earlier and quality might have improved within the last years. Before implementation of the checklist, reporting of allocation concealment in our study was within the range of previously published studies and increased by 3-fold after checklist implementation. 13 However, allocation concealment is still reported in only 26% of the analyzed studies.
Outliers in animal studies are not unusual, and their exclusion can influence the study results. For example, a treatment may seem effective if it kills the most severely affected animals and their neurological outcome and infarct volume are not considered for analyses.
14 Therefore, the definition of Percentages of stroke models and species sum up to >100% because some studies used >1 model or species. CI indicates confidence interval; N/A, not applicable; and OR, odds ratio. *Only experimental stroke studies that investigated the efficacy or side effects of a treatment were included. †This criterion includes randomization, allocation concealment, and blinding but not the method of randomization. ‡Sum of the items: (1) animals defined, (2) statistical method defined, (3) inclusion and exclusion criteria defined, (4) randomization, allocation concealment, and blinding, and (5) postrandomization excluded animals reported. by guest on August 3, 2017 http://stroke.ahajournals.org/ Downloaded from exclusion criteria and reporting of postrandomization excluded animals are part of the Basic Science Checklist. Reporting a definition of inclusion and exclusion criteria almost doubled from 23% to 41% after checklist implementation, whereas the description of postrandomization excluded animals remained stable (39% before and 40% after checklist implementation). Definition of exclusion and inclusion criteria and reporting of excluded animals have been hardly investigated in systematic studies so far. An analysis of studies published in the Journal of Cerebral Blood Flow and Metabolism in 2008 found that 19% reported inclusion and exclusion criteria and 8% mortality. 11 However, reporting excluded animals might be overstated in our study because this item was fulfilled once mortality was reported, although exclusion for other reasons might have occurred that was not reported. Indeed, the relatively high number of excluded animals in a recent preclinical randomized controlled multicenter trial suggests that exclusion of animals for different reasons is more frequent as reported in monocenter studies. 15 The need for improving the quality of animal studies is obvious as inadequate study designs and reporting were shown to correlate with overstated findings. 2, 16 Strategies for achieving this goal were adopted from the clinical trial community, which developed and implemented the Consolidated Standards or Reporting Trials (CONSORT) guidelines. Analogous to the CONSORT statement, the Animal Research Reporting In vivo Experiments guidelines that were published in 2010 provide recommendations for the design and reporting of animal experimental studies. 17 The question is how to enforce following such recommendations. In a landmark article on how to improve the methodological reporting of animal studies, Landis and et al 14 proposed checklist implementation during submission. Our results support this strategy. However, a definitive causal relationship between the implementation of the Basic Science Checklist and the observed improvements in quality cannot be made. Actually, quality characteristics not included in the checklist were also increasingly met during the study period, including physiological monitoring, compliance with animal welfare regulations, and dose-response relationship investigation, thus suggesting that a general trend toward an improved quality exists, which is independent of checklist implementation.
Our study has strengths and limitations. A limitation of our study might be that there is no final proof for Stroke Therapy Academic Industry Roundtable-derived quality criteria to improve translation because no treatment, either following or not following these recommendations, has been shown to predict a positive phase III clinical trial. However, the importance of quality standards in preclinical studies was unequivocally demonstrated. 2 Another limitation is that some checklist items can hardly be judged unambiguously. Two examples are discussed above, that is, the reporting of excluded animals and randomization. In addition, although blinding and allocation concealment were frequently stated, their methods were not reported in any study. We further cannot exclude the possibility that some studies may have met key methodological parameters but did not report them. However, previous analyses showed that deficiencies in reporting quality standards itself are associated with overstated findings. Strengths of our study include the comprehensive analysis of experimental studies published in Stroke, a leading journal in the field, during 4 years that sufficiently cover the period before and after implementation of the Basic Science Checklist. Data were extracted independently by 2 assessors, and disagreements were solved after discussion with a third party.
Conclusions
In this first systematic analysis of the methodological quality of experimental studies published in Stroke, we found that relevant key measures, including randomization, blinding, and allocation concealment, improved during the study period. Quality standards were more frequently met in studies submitted after implementation of the Basic Science Checklist, suggesting that the checklist contributed to the improved quality. However, we also identified deficiencies, such as low rates of reporting the methods of randomization, inclusion and exclusion criteria, excluded animals, and allocation concealment. For further improvements, we, therefore, propose mandatory reporting of key methodological parameters in the published article and not only during submission. Such reporting can be implemented at the end of the article like the disclosure statement or in a separate formal panel. Besides reporting quality characteristics, adherence to checklist items should be mandatory for article acceptance. Moreover, information on quality characteristics should be more detailed and unambiguous. Figure I 
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